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This document defines the flying qualities characteristics of 
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data with available flight test data is provided for validation. 
see next page) 










DOD San 1473 eornon oF | nov 65 1s OBSOLETE 


ee ee ea 
SECURITY CLASSIFICATION OF THIS PAGE (Phen Data Entered) 


. z Parry ~~. . lm 





fa.§e te 


Pee a 


; eo, ° SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered) 
Raed 20. ABSTRACT (continued) 





compiled for significant combinations of configuration and flight 
condition. Time history data relating to dynamic stability, 
control response and SAS failures are extracted from flight test 
records obtained during the Contractor's heer SLEP II flight 
test program. 


ay 


i 
| Analytically computed static stability and control derivatives are 
i 

! 


rel t ed d 
Sites A Oe 


aoe 
ol? 


Cae ar ar eG 


‘ 


PALS, 
ry 


woe 


Pe 42 


WiM A s 


Bee 
Velde 


wi 
* 3 a 
ary 
aoe 


REAR RN 


nena - ‘ 


a 
te 
ty 





NADC-81118-60 


if is Volume 4 
o 4 i. fy S50 ‘ : a i pr rs of ge 2 eee! oe 1 ae es ’ 
ae . VOLUME 4 


.-This Molume contains the trim and stability derivative out- 
put data obtained from the Boeing Vertol Tandem Rotor Trim 
and Stability Analysis Program (A-97), for the CH-46E heli- 
copter. ¢ The flight conditions considered are grouped under 
G 15 Headings on page 11. The first page in each group cata- 
logs all the trim and derivative cases in that group. Those 
flight conditions at which stability and control derivatives 
were obtained are designated by an X in the appropriate column 
of the catalog. 


The trim output parameters are defined in the legend begin- 
ning on page 3. These parameters are listed in the order of 


is their appearance on the output sheet. 

f 

: Each derivative output is broken down into three pages. The 
; © first page presents the three force (X, Y, 2) and the three 
P=. moment ({, M, N) derivatives of the whole helicopter with 


“ respect to three velocity perturbations (u, v, w), three 
angular rate perturbations (p, gq, r), four control input 
perturbations (55, 55, 5p: Sa), and two aerodynamic incidence 
perturbations (8, a). The format of the output presents first 
the derivatives of X-force with respect to these twelve per- 
turbations. Hence XU is the derivative of X-force with res- 
pect to u (dX/du), XV is the derivative of X-force with res- 
pect to v (dX/dv), and so forth through XALPHA = (dX/da).. 
The X-force derivatives are followed by the twelve Z-force 
derivatives, twelve M-moment derivatives, twelve Y-force der- 
+ ivatives, twelvef{ -moment derivatives and twelve N-moment 
derivatives. In all cases, the force derivatives are non- 
dimensionalized by the helicopter mass, and the moment deri- 
vatives by the appropriate moments of inertia, which are 
listed at the top of the first page of derivative output. 
“aty The definitions, sign conventions and units of the forces, 
moments and perturbations are set forth on page 8. 


a! Z 2 a ‘af ae r, 


one 
a a oe, 


2 
"7 
4 
: 
4 











ore (wR 
at hy A 
ra men 3 aoa 


Po te 
qe ane 





NADC-81118-60 | 
Volume 4 


The second page of derivative output consists of component 
derivatives arranged in an array of longitudinal rotor force, 
rotor flapping, induced velocity and fuselage force deriva- 
tives with respect to six longitudinal perturbations, and an 
array of lateral-directional rotor force, flapping and fuse- 
lage force derivatives with respect to five lateral-directional 
perturbations. The value at the intersection of each line and 
column of the array is the derivative of the parameter at the 
extreme left with respect to the perturbation at the head of 
the column. For example, the derivative of CTR with respect 
to ALPHA (dCpp/da ) is the second entry in the column under 
ALPHA. The parameters involved in these derivatives are 
defined under "Component Derivative Parameters" beginning on 
page 9. 





The third page of derivative output consists of four small 
arrays of supplementary derivatives. The first array pre- 
sents derivatives of the six helicopter forces and moments 
with respect to perturbations in rotor longitudinal cyclic 
pitch and rotor RPM, and the second array presents rotor 
component derivatives with respect to longitudinal cyclic 

and RPM. These arrays are read in the same manner as the 
second page of derivative output. The third and fourth 
arrays present the derivatives of forward and aft rotor 
torque with respect to perturbations in aircraft velocity, 
angular rate, control input and aerodynamic incidence angle. 
These arrays are read in the same manner as the first page 

of derivative output. The parameters involved in these deri- 
vatives are defined under "Supplementary Derivative Parameters" 
beginning on page 10. 
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A97_ TRIM ANALYSIS OUTPUT DEFINITION 


(In order of appearance) 


True airspeed along flight path 
Equivalent drag area of fuselage 


Rate of climb 


airstream 


Helicopter gross weight 


knots 


ft? 


ft./min. 


' Fuselage angle of attack w.r.t. remote 


deg. 


lb. 


Fuselage angle of attack w.r.t. local 


airstream 


Atmospheric density 
Fuselage pitch attitude (Euler angle) 


deg. 


sl./ft? 


Forward rotor propulsive force parallel 


to local airstream 


lb. 


Forward rotor lift force force perpen- 
dicular to local airstream 


Forward (aft) rotor tip speed 


lb. 


deg. 


ft./sec. 


C.G. location ahead of reference station 


(approx. ) 


Lateral c.g. offset from butt line 0 
Fuselage sideslip angle 
Fuselage roll altitude (Euler angle) 
Fuselage yaw attitude (Euler angle) | 
Flight path climb angle 


in. 


in. 


deg. 


deg. 
deg. 


deg. 


Aft rotor propulsive force parallel to 


local airstream 


lb. 


Aft rotor lift force perpendicular to 


local airstream 


lb. 


Forward (aft) rotor root collective 


pitch at CL of rotor 


deg. 
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3 
~. 
ae A1LCF(R) Forward (aft) rotor lateral cyclic 
P< pitch (positive tilts TPP toward 
advancing side) deg. 
¥ B1TF(R) Forward (aft) rotor longitudinal trim 
= cyclic pitch (positive tilts TPP 
Si forward) deg. 
B1ICF(R) Forward (aft) rotor total longitudinal 
is cyclic pitch (positive tilts TPP 
ioe forward) deg. 
S 
om DFW Fuselage drag parallel to local 
eS airstream lb. 
™ LFFW Fuselage lift perpendicular to local 
Z airstream lb. 
ey THETAC Mean rotor root collective pitch deg. 
DELTAB Longitudinal stick position (all trim 
vi systems neutral) in. 
" DELTAS Lateral stick position (all trim system 
ra neutral ) in. 
A) 
| DELTAR Directional pedal position (all trim ; © 
" systems neutral) in. 
4 
S DELTAC . Collective stick position in. 
Me TF(R) Forward (aft) rotor thrust parallel 
to shaft axis lb. 
te 
~ HF(R) Forward (aft) rotor downstream force 
~ perpendicular to shaft axis lb. 
Re YF(R) Forward (aft) rotor side force perpen- 
dicular to shaft axis toward advancing 
ee side lb. 
he, MHF (R) Forward (aft) rotor nose-up hub moment lb.-ft. 
4 LHF (R) Forward (aft) rotor roll hub moment 
oe toward advancing side lb.-ft. 
‘i QF(R) Forward rotor torque required lb.-ft. 
“ LFZ Fuselage lift in fuselage axis system lb. 
oy DFX Fuselage drag in fuselage axis system lb. 
is YFY Fuselage side force to right side lb. ne 
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SIGOF(R) 
CTSF(R) 
CPSF(R) 
AMTF(R) 


LAMDAF (R ) 
MUF (R) 
VF(R) 
DFFR 


DFRF 


DFF 


AOF(R) 
Al1F(R) 


B1F(R) 


Fuselage nose-up pitch moment 
Fuselage right roll moment 
Fuselage right yaw moment 

Forward (aft) rotor power required 


Total rotor propulsive force along 
flight path 


Equivalent lift/drag ratio of heli- 
copter 


Total power required by helicopter 
Dummy parameter 

Dummy parameter 

Forward (aft) rotor solidity ratio 
Forward (aft) rotor thrust coefficient 
Forward (aft) rotor power coefficient 


Forward (aft) rotor advancing tip Mach 
No e - 


Forward (aft) rotor inflow ratio 
Forward (aft) rotor advance ratio 
Forward (aft) rotor induced velocity 


Interference factor for forward rotor 
on aft rotor 


Interference factor for aft rotor on 
forward rotor 


Interference factor for both rotors 
on fuselage 


Forward (aft) rotor coning angle 


Forward (aft) rotor longitudinal flap- 
ping angle (positive for aft TPP tilt) 


Forward (aft) rotor lateral flapping 
angle (positive for TPP tilt to advan- 
cing side) 
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lb.-ft. 
lb.-ft. 
lb.-ft. 
HP 


lb. 


ft./sec. 


deg. 
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BETAOF(R) 


B180F(R) 


A270F(R) 


CAPVF (R) 


ALPHAF (R) 


BETAF(R)W 


ATIPF(R) 


BPTPF(R) 


XFF, LFF 
ZFF, YFF 
MFF, NEFF 


TP 


RMTF(R) 


CTF(R)P 
A90F(R) 


DELHPF(R) 


RHPF(R) 


SHPTOT 


Forward (aft) rotor aoe flap angle at 


downwind azimuth (yy = 0°) 


Forward (aft) rotor blade flap angle at 


upwind azimuth (4 = 180°) 


Forward (aft) rotor blade tip angle of 
attack on retreating side (f = 270°) 


Forward (aft) rotor velocity in local 
airstream 


Forward (aft) rotor disc angle of attack 


w.xr.t. local airstream 


Forward (aft) rotor disc sideslip angle 
w.r.t. local airstream 


Forward (aft) rotor TPP angle of attack 
w.r.t. remote airstream 


Forward (aft) rotor total flapping 
amplitude (lateral and longitudinal) 


Force and moment components of external 
force applied to the helicopter (e.g. 
eee propulsion, tow cable force, 
etc. 


Magnitude of external force on heli- 
copter 


Forward (aft) rotor petreatingd blade 
tip Mach No. 


Thrust coefficient format for LF(R) LW 


Forward (aft) rotor blade tip angle of 
attack on advancing side ( = 90°) 


Additional power computed for forward 
(aft) rotor by nonuniform downwash 
power correction 


Forward (aft) rotor power required, 
revised by nonuniform downwash power 
correction 


Total power required by helicopter, 
revised by nonuniform downwash power 
correction 
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deg. 
deg. 
deg. 
ft./sec. 
deg. 
deg. 


deg. 


lb. & ib.-£t™ 


lb. 


deg. 
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WEF Dummy parameter - 
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‘i NMLB Dummy parameter - 


is RP Dummy parameter - 
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Volume 4 
- 
si A97_STABILITY DERIVATIVE OUTPUT DEFINITION 
- Helicopter Derivative Parameters 
= (In order of appearance) 
E X Non-dimensionalized force component 
ea along helicopter longitudinal axis, 
' positive forward ft./sec? 
- Z Non-dimensionalized force component 
ne along helicopter vertical axis, 
ot positive down ft./sec? 
M Non-dimensionalized pitch moment about 
. helicopter lateral axis, positive nose 
a up rad/sec? 
pt 4 Non-dimensionalized force component 
3 along helicopter lateral axis, posi- 
» tive right ft./sec? 
fa L Non-dimensionalized roll moment about 
x helicopter longitudinal axis, posi- 
.. tive roll right rad/sec? 
“ N Non-dimensionalized yaw moment about << 
m : helicopter vertical axis, positive 4 
nose right rad/sec? 
a. 
on 
a U Velocity perturbation along helicopter 
4 longitudinal axis, positive forward ft./sec. 
; Vv Velocity perturbation along helicopter 
a lateral axis, positive right ft./sec. 
ou 
- W Velocity perturbation along helicopter 
esq vertical axis, positive down ft./sec. 
a P Angular rate perturbation about heli- 
‘i copter longitudinal axis, positive roll 
“s right rad/sec. 
@. 
is Q Angular rate perturbation about heli- 
hy copter lateral axis, positive nose up rad/sec. 
2 R Angular rate perturbation about heli- 
a copter vertical axis, positive nose 
4 right rad/sec. 
y 
Ey DELB Pitch control perturbation about heli- 
: copter lateral axis, positive nose up in. 
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DELS 


DELR 


DELTAC 


ALPHA 


BETA 


en ens te 


Roll control perturbation about heli- 
copter longitudinal axis, positive 
roll right 


Yaw control perturbation about helicop- 
ter vertical axis, positive nose right 


Collective control perturbation along 
helicopter vertical axis, positive up 


Aerodynaime angle of attack perturba- 
tion, (tan ! w/U) 


Aerodynaime sideslip angle perturba- 
tion, (tan ! V/U) 


Component Derivative Parameters 


ALPHA 


A1C 


ALF(R) 


BETA 
B1F(R) 


CHF (R) 


CTF(R) 


CYF(R) 


DF 


LF 


(In alphabetical order) 


Aerodynaimc angle of attack perturba- 
tion 


Rotor lateral cyclic pitch perturbation 
(positive tilts TPP toward advancing 
side) 

Forward (aft) rotor longitudinal flap- 
ping angle (positive for aft TPP 

tilt) 

Aerodynamic sideslip angle perturbation 
Forward (aft) rotor lateral flapping 
angle (positive for TPP tilt to 
advancing side) 

Forward (aft) rotor downstream force 
coefficient, perpendicular to shaft 
axis 


Forward (aft) rotor thrust coefficient, 
parallel to shaft axis 


Forward (aft) rotor sideforce. coeffi- 
cient, perpendicular to shaft toward 
advancing side 
Fuselage drag in fuselage axis system 
Fuselage lift in fuselage axis system 
Fuselage right roll moment 
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in. 


in. 


in. 


rad 


rad 


rad 


rad 


rad 


rad 


rad 


lb. 
lb. 
lb.-ft. 








% NADC-81118-60 
ms Volume 4 
oy 
3 
x 
oy MF Fuselage nose up pitch moment lb.-ft. 
= MU Rotor advance ratio perturbation - 
a NF Fuselage nose right yaw moment lb.-ft. 
bs P Angular rate perturbation about heli- 

Ps copter longitudinal axis, positive roll 

right rad/sec. 

+i Q Angular rate perturbation about heli- 

E) copter lateral axis, positive nose up rad/sec. 

5S, R Angular rate perturbation about heli- 

copter vertical axis, positive nose 

tight rad/sec. 
Re THETAC Rotor collective pitch perturbation rad 

- U Velocity perturbation along helicopter 
~ longitudinal axis, positive forward ft./sec. 

s Vv Velocity perturbation along helicopter 

si lateral axis, positive to right ft./sec. 

= ‘ 

3 VF(R)R Forward (aft) rotor induced velocity ft./sec. z 
. W Velocity perturbation along helicopter w 
rs vertical axis, positive down ft./sec. 

: YF Fuselage side force to right side lb. 

" Supplementary Derivative Parameters 

Ms (In alphabetical order) 

Ss B1CF(R) Forward (aft) rotor longitudinal cyclic 

*y pitch perturbation (positive tilts TPP 

forward) rad 


OMEGAF (R ) Forward (aft) rotor RPM perturbation 
(not computed for synchronized rotors) rad/sec. 


Me ACA ied 
Po as 6 ak Bs 


i QF(R) ; Non-dimensionalized forward (aft) rotor 

: torque required rad/sec? 
2 All other parameters are as defined above for "Helicopter 

s Derivative Parameters" and "Component Derivative Parameters". 
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Volume 4 
. FLIGHT CONDITIONS FOR 
CH-46E TRIM AND STABILITY DERIVATIVE ANALYSIS 
3 GW = 24,300 lb CG. = 6 in. fwd 
: ALTITUDE AIRSPEED CLIMB RATE SIDESLIP § PAGE 
3 0 ft -40 to 138 kt 0 ft/min 0 deg 12 
a 8000 0 to 93 0 ) 51 
es 0 60 to 120 AUTO & MPC 0 77 
0 50 to 130 0 + B max 100 
0 -45 to 45 0 + 90 161 
GW = 17,500 lb CG = 20 in. aft 
pe ALTITUDE AIRSPEED CLIMB RATE SIDESLIP 
3 0 ft -40 to 146 kt O ft/min 0 deg 180 
| 0 14000 0 to 112 0 0 221 
Re 0 60 to 120 AUTO & MPC 0 248 
0 50 to 140 0 + B max 271 
: 0 “45 to 45 0 + 90 331 
GW = 17,500 lb CG = 40 in. fwd 
“3 
“! ALTITUDE AIRSPEED CLIMB RATE  SIDESLIP 
0 ft -40 to 146 kt 0 ft/min 0 deg 350 
a 14000 0 to 112 0) 0 392 
z. 0 60 to 120 AUTO & FPC 0 419 
0 50 to 140 0 + B max 442 
0 -45 to 45 0 0 503 
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ee CATALOG OF TRIM & STABILITY DERIVATIVE DATA 


[ A-97 TRIM ANALYSIS (CH-46E) 


GW = 24,300 1b CG = 6 in. fwd 
ALTITUDE AIRSPEED CLIMB RATE SIDESLIP DERIVATIVES 


0 ft -40 kt 0 ft/min 0 deg xX 
-20 
0 x 
20 
40 X 
c 60 
+. 80 x 
ee 100 
= 120 Xx 
= 138 x 
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CATALOG OF TRIM & STABILITY DERIVATIVE DATA 


A-97 TRIM ANALYSIS (CH-46E) 





GW = 24,300 lb CG = 6 in. fwd 
ALTITUDE AIRSPEED CLIMB RATE SIDESLIP 
0 ft 60 kt -2089 ft/min 0 deg 
80 -2108 
100 -2390 
120 -2934 
60 1533 
80 1412 
100 1146 
120 . 674 
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CATALOG OF TRIM & STABILITY DERIVATIVE DATA 
A-97 TRIM ANALYSIS (CH-46E) 
GW = 17,500 lb CG = 20 in. aft 
ALTITUDE AIRSPEED CLIMB RATE SIDESLIP DERIVATIVES 
0 ft 60 kt -2067 ft/min 0 deg 
80 -2282 x 
100 -2875 
120 #3987 
60 2774 
80 2547 x 
100 2186 
120 1517 
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CATALOG OF TRIM & STABILITY DERIVATIVE DATA 





A-97 TRIM ANALYSIS (CH-46E) 
GW = 17,500 lb CG = 40 in. fwd 
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CATALOG OF TRIM & STABILITY DERIVATIVE DATA 


A-97 TRIM ANALYSIS (CH-46E) 
GW = 17,500 lb CG = 40 in. fwd 





ALTITUDE AIRSPEED CLIMB RATE SIDESLIP DERIVATIVES 


Oo ft 60 kt -2067 ft/min 0 deg 







80 -2282 xX 
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CATALOG OF TRIM & STABILITY DERIVATIVE DATA 
A-97 TRIM ANALYSIS (CH-46E) 


GW = 17,500 lb 


CG = 40 in. fwd 


ALTITUDE AIRSPEED CLIMB RATE SIDESLIP DERIVATIVES 





0 ft 50 kt QO ft/min ~45 deg 
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